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(57) ABSTRACT

A pixel circuit, an organic electroluminescent display panels
and a display device is configured to improve image bright-
ness uniformity in the displaying region of the display device.
The pixel circuit comprises a capacitor (CST), alight emitting
device (D1), a driving control sub-module (1), a charging and
resetting sub-module (2), and a light-emitting control sub-
module (3). A first terminal of the capacitor (CST) serves as
a first node (A), and a second terminal of the capacitor (CST)
servers as a second node (B). A first terminal (x) of the light
emitting device (D1) is connected to a fifth terminal (') of the
light emitting control sub-module (3), and a second terminal
(y) of the light emitting device is connected to a second
reference signal terminal (Vref2). When the charging and
resetting sub-module (2) is turned on, the data signal is writ-
ten to the first node (A), and the first terminal and third
terminal of the driving control sub-module (2) are shorted,
which can reset the voltage of the second node (B) and charge
the capacitor (CST). When the light emitting control sub-
module (3) is turned on, the driving control sub-module (1)
and the light emitting device (D1) are connected and the light
emitting device (D1) is driven to emit light.

20 Claims, 5 Drawing Sheets
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PIXEL CIRCUITS, ORGANIC
ELECTROLUMINESCENT DISPLAY PANELS
AND DISPLAY DEVICES

TECHNICAL FIELD

Embodiments of the invention relate to pixel circuits,
organic electroluminescent display panels and display
devices.

BACKGROUND

Organic light emitting diode (OLED) display devices are
becoming attractive due to their advantages such as low
power consumption, high lightness, low cost, wide viewing
angle and quick response speed and so on, and are widely
used in the organic light emitting field.

In OLED display devices, there are following problems.
Firstly, transistors for achieving image display on a backplane
lack of uniformity in their structures, electrical properties and
stability, which causes the threshold voltages V,, shifts of
transistors. Secondly, in a case where the transistors are
turned on for a long period of time, the stability of the tran-
sistors decreases. In addition, as OLEDs are increased by size
during development, loads on signal lines become large,
which results in a voltage attenuation on the signal lines, such
as changes of operation voltages.

When the OLED is driven to work by a conventional pixel
circuit for driving the OLED to emit light, current flowing
through the OLED depends on at least one of factors includ-
ing the threshold voltage V, of the driving transistors, the
stability of driving transistors and a reference voltage V.
When each pixel is applied by a same driving signal, in a
displaying region of the backplane, the currents flowing
through the OLEDs are not equal to each other, which results
in the non-uniformity of the currents on the backplane and
thus the non-uniformity of the brightness in the image.

SUMMARY

An embodiment of the invention provides a pixel circuit
comprising a light emitting device, a capacitor, a driving
control sub-module, a charging and resetting sub-module and
a light emitting control sub-module, wherein a first terminal
of' the capacitor as a first node is connected to a first terminal
of the charging and resetting sub-module and a first terminal
of the light emitting control sub-module respectively, a sec-
ond terminal of the capacitor as a second node is connected to
a second terminal of the charging and resetting sub-module
and a first terminal of the driving control sub-module respec-
tively; a second terminal of the driving control sub-module is
connected to a first reference signal terminal, a third terminal
of the driving control sub-module is connected to a third
terminal of the charging and resetting sub-module and a sec-
ond terminal of the light emitting control sub-module respec-
tively, the driving control sub-module is controlled by the
second node to drive the light emitting device to emit light; a
fourth terminal of the charging and resetting sub-module is
connected to a data signal terminal, a fifth terminal of the
charging and resetting sub-module is connected to a gate
signal terminal, the charging and resetting sub-module is
controlled by the gate signal terminal to transmit data signal
from the data signal terminal; and a third terminal of the light
emitting control sub-module is connected to a light emitting
signal, a fourth terminal of the light emitting control sub-
module is connected to the first reference signal terminal, a
fifth terminal of the light emitting control sub-module is
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connected to a first terminal of the light emitting device, and
a second terminal of the light emitting is connected to the
second reference terminal, the light emitting control sub-
module serves to drive the light emitting device to emit light
under the controlling of the light emitting terminal.

Another embodiment of the invention provides an organic
electroluminescent display panel comprising the above pixel
circuit.

Another embodiment of the invention provides a display
device comprising the above organic electroluminescent dis-
play panel.

BRIEF DESCRIPTION OF THE DRAWINGS

For better understanding technical solutions according to
embodiments of the present invention, drawings of the
embodiments will be described briefly below. Obviously,
drawings in the following description only relate to some
embodiments of the present invention, not for limiting the
present invention.

FIG. 11is schematic view of an exemplary structure of pixel
circuit provided in embodiments of the invention;

FIGS. 2a and 2b are schematic views of an exemplary
structures of pixel circuit provided in embodiments of the
invention respectively; and

FIGS. 3a to 3d are circuit timing charts of the pixel circuits
provided in the embodiments of the invention respectively.

DETAILED DESCRIPTION

In order to make the purpose, technology solution and
advantages of embodiments of the present invention more
clear, technology solutions according to embodiments of the
present invention will be described clearly and completely
below with respect to drawings of embodiments of the present
invention. It is understood that the described embodiments
are part of butnot all of embodiments of the present invention.
Based on the described embodiments of the present invention,
all other embodiments obtained by those of ordinary skilled
in the art without any creative labor fall into the protective
scope of the present invention.

Embodiments of the invention provide pixel circuits,
organic electroluminescent display panels and display
devices for purpose of improving image brightness unifor-
mity in the displaying region of the display device.

Hereinafter, the pixel circuits, the organic electrolumines-
cent display panels and the display devices provided in the
embodiments of the invention will be described in details
with reference to the drawings.

The embodiments of the invention provide a pixel circuit,
as shown in FIG. 1. The pixel circuit comprises a light emit-
ting device D1, a capacitor CST, a driving control sub-module
1, a charging and resetting sub-module 2 and a light emitting
control sub-module 3.

Inthe embodiments of the invention, the capacitor CST has
a first terminal as a first node A which is connected to a first
terminal a of the charging and resetting sub-module 2 and a
firstterminal a' of the light emitting control sub-module 3, and
a second terminal as a second node B which is connected to a
second terminal b of the charging and resetting sub-module 2
and a first terminal a" of the driving control sub-module 1.

In the embodiments of the invention, a second terminal b"
of the driving control sub-module 1 is connected to a first
reference signal terminal V, .1, a third terminal c¢" of the
driving control sub-module 1 is connected to a third terminal
¢ of the charging and resetting sub-module 2 and a second
terminal b' of the light emitting control sub-module 3 respec-
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tively, and the driving control sub-module 1 is controlled by
the second node B so as to drive the light emitting device D1
to emit light.

In the embodiments of the invention, a fourth terminal d of
the charging and resetting sub-module 2 is connected to a data
signal terminal DATA, a fifth terminal e of the charging and
resetting sub-module 2 is connected to a gate signal terminal
GATE, and the charging and resetting sub-module 2 is con-
trolled by the gate signal terminal GATE so as to transmit a
data signal from the data signal terminal DATA.

In the embodiments of the invention, a third terminal ¢' of
the light emitting control sub-module 3 is connected to a light
emitting signal terminal EMISSION, a fourth terminal d' of
the light emitting control sub-module 3 is connected to the
first reference signal terminal V1, a fifth terminal €' of the
light emitting sub-module 3 is connected to a first terminal x
of the light emitting device D1, a second terminal y of the
light emitting device D1 is connected to a second reference
signal terminal V.2, and the light emitting control sub-
module 3 is adapted to drive the light emitting device D1 to
emit light under the control of the light emitting signal termi-
nal EMISSION.

In the above pixel circuit provided in the embodiments of
the invention, the signal received by the first reference signal
terminal V, 1 is direct current (DC) or alternate current (AC)
signal, that is, the first reference signal terminal V, .1 is
connected to a DC signal source electrode or an AC signal
source electrode; and the signal received by the second ref-
erence signal terminal V.2 is DC signal, that is, the second
reference signal terminal V, 2 is connected to a DC signal
source electrode.

In the embodiments of the invention, when the first refer-
ence signal terminal V, .1 outputs a DC voltage, the current
for driving the light emitting device D1 to emit light depends
on the DV voltage and the voltage V., of the data signal;
and when the first reference signal terminal V, -1 outputs an
AC voltage, the current for driving the light emitting device
D1 to emit light depends only on the voltage V , , -, of the data
signal. In both cases described above, the current for driving
the light emitting device D1 to emit light does not depend on
the threshold voltage V,, of the driving transistor T1; there-
fore it is possible to prevent the light emitting device D1 from
being affected by the threshold voltage V,, of the driving
transistor V0. In this case, even when the same data signals are
applied to different pixel units, it is possible to obtain images
having the same brightness, so as to improve image bright-
ness uniformity in the displaying region of the display device.

It should be noted that, in the embodiments of the inven-
tion, the driving transistors and the switch transistors can be
thin film transistors (TFTs), or metal oxide semiconductor
field effect transistors (MOSFETs), and they can be N type
transistors or P type transistors and are not limited hereto.
Furthermore, in the embodiments of the invention, drain elec-
trodes and source electrodes of these transistors can be
exchanged and are not distinguished specifically from each
other. In the description of the exemplary embodiments, both
of the driving transistors and the switch transistors are thin
film transistors (TFTs), and a terminal indicated with an
arrow among the three electrodes of the TFT is drain elec-
trode, for example.

In the above pixel circuit provided in the embodiments of
the invention, for example, the driving control sub-module 1
can comprise the driving transistor T0. The gate electrode of
the driving transistor T0 is connected to the second node B,
the source electrode of the driving transistor T0 is connected
to the first reference signal terminal V, -1, and the drain
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electrode of the driving transistor TO is connected to the
second terminal b' of the light emitting control sub-module 3.

In the above pixel circuit provided in the embodiments of
the invention, for example, the light-emitting device D1 can
be an organic light emitting diode (OLED). In the embodi-
ments of the invention, the light emitting device D1 can
realize light emitting display under the ON-state current of
the driving transistor T0.

Hereinafter, the operation principle of the above pixel cir-
cuit provided in the embodiments of the invention will be
described briefly.

The operation procedure of the above pixel circuit pro-
vided in the embodiments of the invention can be divided into
following two stages.

The first stage is a data writing stage. In this stage, the pixel
circuit can implement data signal writing of the first node and
also implement voltage resetting function of the second node.
In this stage, the light-emitting control sub-module 3 is in an
OFF state; the charging and resetting sub-module 2 is in an
ON state, and the voltage V , , -, of the data signal output from
the data signal terminal DATA is applied to the first node A by
the charging and resetting sub-module 2 so as to charge the
capacitor CST. At the meantime, the charging and resetting
sub-module 2 in the ON state shorts the drain electrode and
the gate electrode of the driving transistor T0, and the storing
of' the threshold voltage V,, of the driving transistor T0 at the
second node B and resetting function for the second node B
can be implemented.

The second stage is a light emitting stage. In this stage, the
charging and resetting sub-module 2 is in an OFF state; the
light emitting control sub-module 3 is in an ON state so that
the first terminal x of the light-emitting device D1 and the
drain electrode of the driving transistor T0 are connected, and
the driving transistor T0 is turned on according to the voltage
of'the reference signal applied to the source electrode and the
voltage corresponding to the discharging of the capacitor
CST so as to drive the light-emitting device D1 to emit light.

It should be noted that, in the embodiments of the inven-
tion, in case that the driving transistor T0 is a P-type transistor
whose threshold voltage V ,, is a negative value, the voltage of
the first reference signal terminal V, .1 is greater than the
voltage of the second reference signal terminal V2. In this
case, the positive electrode of the light emitting device D1 is
the first terminal of the light-emitting device, and connected
to the light-emitting control sub-module 3, as shown in FIG.
2a. In case that the driving transistor T0 is a N-type transistor
whose threshold voltage V,,, is a positive value, the voltage of
the first reference signal terminal V-1 is less than the voltage
of the second reference signal terminal V, 2. In this case, the
negative electrode of the light-emitting device D1 is the first
terminal of the light-emitting device, and connected to the
light-emitting control sub-module 3 as shown in FIG. 25.

Hereinafter, the exemplary structures and the operation
principles of the charging and resetting sub-module 2 and the
light-emitting sub-module 3 in the above pixel circuit pro-
vided in the embodiments of the invention will be described in
details.

In the pixel circuit provided in the embodiments of the
invention, as shown in FIGS. 2a and 25, the charging and
resetting sub-module 2 can comprise a first switch transistor
T1 and a second switch transistor T2. In the embodiments of
the invention, a gate electrode of the first switch transistor T1
is connected to the gate signal terminal GATE, a source
electrode of the first switch transistor T1 is connected to the
data signal terminal DATA, and a drain electrode of the first
switch transistor T1 is connected to the first node A; a gate
electrode of the second switch transistor T2 is connected to
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the gate signal terminal GATE, a source electrode of the
second switch transistor T2 is connected to the second node
B, and a drain electrode of the second switch transistor T2 is
connected to the third terminal of the driving control sub-
module 1, that is, the drain electrode of the driving transistor
TO.

It should be noted that, in the embodiments of the inven-
tion, in case that the first switch transistor T1 and the second
switch transistor T2 are P-type transistors, the gate electrodes
thereof can only be turned on in a case where the gate signal
terminal GATE outputs a low-level gate signal; and in case
that the first switch transistor T1 and the second switch tran-
sistor T2 are N-type transistors, the gate electrodes thereof
can only be turned on in a case where the gate signal terminal
GATE outputs a high-level gate signal.

In the pixel circuit provided in the embodiments of the
invention, as shown in FIGS. 2a and 24, the light emitting
control sub-module 3 can comprise a third switch transistor
T3 and a fourth switch transistor T4. In the embodiments of
the invention, a gate electrode of the third switch transistor T3
is connected to the light emitting signal terminal EMISSION,
a source electrode of the third switch transistor T3 is con-
nected to the first reference terminal V.1, and a drain elec-
trode of the third switch transistor T3 is connected to the first
node A; a gate electrode of the fourth switch transistor T4 is
connected to the light emitting signal terminal EMISSION, a
source electrode of the fourth switch transistor T4 is con-
nected to the third terminal of the driving control sub-module
1, that is, the drain electrode of the driving transistor T0, and
a drain electrode of the fourth switch transistor T4 is con-
nected to the first terminal of the light emitting device D1.

It should be noted that, in the embodiments of the inven-
tion, in case that the third switch transistor T3 and the fourth
switch transistor T4 are P-type transistors, the gate electrodes
thereof can be only turned on in a case where the light emit-
ting signal terminal EMISSION outputs a low-level light
emitting signal; and in case that the third switch transistor T3
and the fourth switch transistor T4 are N-type transistors, the
gate electrodes thereof can be only turned on in a case where
the light emitting signal terminal EMISSION outputs a high-
level light emitting signal.

Hereinafter, the operation principle of the pixel circuit
provided in the embodiments of the invention will be
described in more details in some operation states of the pixel
circuit.

When the reference signal received by the first reference
signal terminal V, .1 is a DC signal and the driving transistor
TO0, the first switch transistor T1, the second switch transistor
T2, the third switch transistor T3, and the fourth switch tran-
sistor T3 are P-type transistors, the reference signal output by
the first reference signal terminal V,, -1 is a high-level signal,
the reference signal output by the second reference signal
terminal V, -2 is a low-level signal, and the circuit signal
timing chart of the pixel circuit is as shown in FIG. 3q. In this
case, the operation principle of the pixel is as follows.

In the data writing stage of the pixel circuit, i.e. the first
stage, the gate signal output by the gate signal terminal GATE
turns on the gate electrode of the first switch transistor T1 so
that the first switch transistor T1 is connected in a way acting
as a diode, and the voltage of the data signal output by the data
signal terminal DATA is written to the first node A connected
to the drain electrode of the first switch transistor T1 through
the source electrode of the first switch transistor T1, that is to
say, the voltage of the first node A becomes V., thereby
the data writing of the first node A is implemented. The gate
signal output by the gate signal terminal GATE also turns on
the gate electrode of the second switch transistor T2 so that
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the second switch transistor T2 is connected in a way acting as
a diode so as to connect the drain electrode and the gate
electrode of the driving transistor T0. Since the driving tran-
sistor TO is a P-type transistor with a negative threshold
voltage V ,,, and the voltage value of the DC signal of the first
reference signal terminal V, .1 is V,,, the voltage of the
second node B becomes V,,+V,,, thereby the storing of the
threshold voltage V ,;, of the second node B and the resetting
function for the second node B are implemented.

Inthe light emitting stage of the pixel circuit, i.e. the second
stage, the light emitting signal output by the light emitting
terminal EMISSION turns on the gate electrode of the third
switch transistor T3 so that the third switch transistor T3 is
connected in a way acting as a diode, and thus the voltage of
the first node A becomes V,, which is the same as the voltage
of the first reference signal terminal V1. The voltage of the
second node B becomes V-V, 7,+V, +V,, =2V, -V .+
V,, correspondingly based on the capacitance charge conser-
vation principle. In this case, the voltage difference between
the source electrode and the gate electrode of the driving
transistor TO0 is V_ =V _-V=2V -V, - +V,-V =V -
Vpara+Va

Since the driving transistor T0 is operated in a saturation
state, based on the current characteristic in the saturation
state, it can be known that the on-state current i ;0f the driving
transistor TO follows a formula as below:

. _k ._K ,_K 2
iq = j(vgx = Vi)™ = E(Vm = Vpara + Vi = V)" = j(vm = Vpara)®,

where K is a structure parameter which is relatively stable in
the same structure and can be considered as a constant value.
It can be derived from the formula that the on-state current i,
flowing through the driving transistor T0 depends only on the
voltage V-, of the data signal and the voltage V., of the first
reference signal terminal V.1, and does not depend on the
threshold voltage V,,, of the driving transistor T0. Therefore,
by using the on-state current i, of the driving transistor T0 to
drive the light emitting devices D1 to emit light, the currents
flowing through the OLEDs do not vary due to non-unifor-
mity of'V,, caused by the manufacturing process of the back-
plane, thus avoiding brightness variation. Meanwhile, in the
embodiments of the invention, the change of the current flow-
ing through the light emitting device D1 and accordingly the
change of' the brightness, which can result in the degeneration
of the stability of the light emitting device D1, due to the
degeneration of V ,,, can also be improved.

If the reference signal received by the first reference signal
terminal V,, -1 is an AC signal and the driving transistor T0,
the first switch transistor T1, the second switch transistor T2,
the third switch transistor T3, and the fourth switch transistor
T3 are P-type transistors, the reference signal output by the
second reference signal terminal V2 is a low-level signal,
and the circuit signal timing chart of the pixel circuit is as
shown in FIG. 34. In this case, the operation principle of the
pixel circuit is as follows.

In the data writing stage of the pixel circuit, i.e. the first
stage, the gate signal output by the gate signal terminal GATE
turns on the gate electrode of the first switch transistor T1 so
that the first switch transistor T1 is connected in a way acting
as a diode, and the data signal output by the data signal
terminal DATA is written to the first node A connected to the
drain electrode of the first switch transistor T1 through the
source electrode of the first switch transistor T1, that is to say,
the voltage of the first node A becomes V., thereby the
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data writing of the first node A is implemented. The gate
signal output by the gate signal terminal GATE also turns on
the gate electrode of the second switch transistor T2 so that
the second switch transistor T2 is connected in a way acting as
a diode so as to connect the drain electrode and the gate
electrode of the driving transistor T0. Since the driving tran-
sistor TO is a P-type transistor with a negative threshold
voltage V , and the voltage of the first reference signal termi-
nal V, .1 is V,, the voltage of the second node B becomes
V,+V,,, thereby the storing of the threshold voltage V ,;, of the
second node B and the resetting function for the second node
B are implemented.

Inthe light emitting stage of the pixel circuit, i.e. the second
stage, the voltage of the first reference signal terminal V, .1
becomes V, and V,>V |, the light emitting signal output by
the light emitting terminal EMISSION turns on the gate elec-
trode of the third switch transistor T3 so that the third switch
transistor T3 is connected in a way acting as a diode, and thus
the voltage of the first node A becomes V, which is the same
as the voltage of the first reference signal terminal V, .1 and
the voltage of the second node B becomes V,-V -, +V, +
V,, correspondingly based on the capacitance charge conser-
vation principle. In this case, the voltage difference between
the source electrode and the gate electrode of the driving
transistor T0 is V=V -V =V,-V,, 4V +V,-V,=V, -
Vpara+Vio

Since the driving transistor T0 operates in a saturation
state, based on the current characteristic in the saturation
state, it can be known that the on-state current i, of the driving
transistor TO follows the formula as below:

. K 2 K 2 K 2
ig = E(Vgx V) = E(Vl = Vpara + Vi — V)" = E(Vl = Vpara)™,

where K is a structure parameter which is relatively stable in
the same structure and can be considered as a constant value.
In the embodiments of the invention, in general, the voltage
V, output by the first reference signal terminal V, .1 is OV.
Therefore, it can be derived from the formula that the on-state
current i, flowing through the driving transistor T0 depends
only on the voltage V-, of the data signal and does not
depend on the threshold voltage V,, of the driving transistor
T0 and the reference signal. Therefore, by using the on-state
current i, of the driving transistor TO to drive the light emit-
ting devices D1 to emit light, the currents flowing through the
OLEDs do not vary due to non-uniformity of V,, caused by
the manufacturing process of the backplane, thus avoiding
brightness variation. Meanwhile, the change of the current
flowing through the light emitting device D1 and accordingly
the change of the lightness, which can result in the degenera-
tion of the stability of the light emitting device D1, due to the
degeneration of V,,, can also be improved. Further, in the
embodiments of the invention, the displaying problem due to
the current variation, which is caused by the IR drop of V-1
introduced by the load on the V1 signal line, is also allevi-
ated.

If the reference signal received by the first reference signal
terminal V, -11s a DC signal and the driving transistor T0, the
first switch transistor T1, the second switch transistor T2, the
third switch transistor T3, and the fourth switch transistor T3
are N-type transistors, the circuit signal timing chart of the
pixel circuit is as shown in FIG. 3¢ and the reference signal
output by the first reference signal terminal V-1 is a low-
level signal, the reference signal output by the second refer-
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ence signal terminal V2 is a high-level signal. In this case,
the operation principle of the pixel circuit is as follows.

In the data writing stage of the pixel circuit, i.e. the first
stage, the gate signal output by the gate signal terminal GATE
turns on the gate electrode of the first switch transistor T1 so
that the first switch transistor T1 is connected in a way acting
as a diode, and the voltage of the data signal output by the data
signal terminal DATA is written to the first node A connected
to the drain electrode of the first switch transistor T1 through
the source electrode of the first switch transistor T1, that is to
say, the voltage of the first node A becomes V., thereby
the data writing of the first node A is implemented. The gate
signal output by the gate signal terminal GATE also turns on
the gate electrode of the second switch transistor T2 so that
the second switch transistor T2 is connected in a way acting as
adiode to connect the drain electrode and the gate electrode of
the driving transistor T0. Since the driving transistor T0 is a
N-type transistor with a positive threshold voltage V,, and the
voltage value of the DC signal of the first reference signal
terminal V,. 1 is V,, the voltage at the second node B
becomes V,+V,,, thereby the storing of the threshold voltage
V,, at the second node B and the resetting function for the
second node B are implemented.

Inthe light emitting stage of the pixel circuit, i.e. the second
stage, the light emitting signal output by the light emitting
terminal EMISSION turns on the gate electrode of the third
switch transistor T3 so that the third switch transistor T3 is
connected in a way acting as a diode, and thus the voltage of
the first node A become Vn which is the same as the voltage
of the first reference signal terminal V.1 and the voltage of
the second node B becomes V,-V,,,+V,+V,=2V, —
V puzatV, correspondingly based on the capacitance charge
conservation principle. In this case, the voltage difference
between the source electrode and the gate electrode of the
driving transistor T0 is V_ =V -V =2V, -V, 4V, -V —
Vo= VpuratVo

Since the driving transistor T0 operates in a saturation
state, based on the current characteristic in the saturation
state, it can be known that the on-state current i ;0f the driving
transistor TO follows the formula as below:

. _k . _K . _K 2
iq = E(Vgx = Vi)™ = j(vn = Vpara+ Vi = V)" = j(vn = Vpaza)™,

where K is a structure parameter which is relatively stable in
the same structure and can be considered as a constant value.
It can be derived from the formula that the on-state current i,
flowing through the driving transistor T0 depends only on the
voltage V., of the data signal and the voltage V,, of the first
reference signal terminal, and does not depend on the thresh-
old voltage V,, of the driving transistor T0. Therefore, by
using the on-state current i, of the driving transistor TO0 to
drive the light emitting devices D1 to emit light, the currents
flowing through the OLEDs do not vary due to non-unifor-
mity of'V,, caused by the manufacturing process of the back-
plane, thus avoiding brightness variation. Meanwhile, the
change of the current flowing through the light emitting
device D1 and accordingly the change of the lightness, which
can result in the degeneration of the stability of the light
emitting device D1, due to the degeneration of V,,,, can also be
improved.

When the reference signal received by the first reference
signal terminal V1 is an AC signal and the driving transistor
TO0, the first switch transistor T1, the second switch transistor
T2, the third switch transistor T3, and the fourth switch tran-
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sistor T3 are N-type transistors, the reference signal output by
the second reference signal terminal V, .2 is a high-level
signal, and the circuit signal timing chart of the pixel circuit is
as shownin FIG. 3d. Inthis case, the operation principle of the
pixel circuit is as follows.

In the data writing stage of the pixel circuit, i.e. the first
stage, the gate signal output by the gate signal terminal GATE
turns on the gate electrode of the first switch transistor T1 so
that the first switch transistor T1 is connected in a way acting
as a diode, and the voltage of the data signal output by the data
signal terminal DATA is written to the first node A connected
to the drain electrode of the first switch transistor T1 through
the source electrode of the first switch transistor T1, that is to
say, the voltage of the first node A becomes V-, thereby
the data writing of the first node A is implemented. The gate
signal output by the gate signal terminal GATE also turns on
the gate electrode of the second switch transistor T2 so that
the second switch transistor T2 is connected in a way acting as
a diode so as to connect the drain electrode and the gate
electrode of the driving transistor T0. Since the driving tran-
sistor T0 is a N-type transistor with a positive threshold volt-
age V,, and the voltage of the first reference signal terminal
V,.r 1 is V5, the voltage of the second node B becomes
V;+V,,, thereby the storing of the threshold voltage V,, at the
second node B and the resetting function for the second node
B are implemented.

Inthe light emitting stage of the pixel circuit, i.e. the second
stage, the voltage of the first reference signal terminal V1
becomes V, and V>V, the light emitting signal output by
the light emitting terminal EMISSION turns on the gate elec-
trode of the third switch transistor T3 so that the third switch
transistor T3 is connected in a way acting as a diode, and thus
the voltage at the first node A become V,, which is the same as
the voltage of the first reference signal terminal V,, -1 and the
voltage of the second node B becomes V-V, -, +Vi+V,
correspondingly based on the capacitance charge conserva-
tion principle. In this case, the voltage difference between the
source electrode and the gate electrode of the driving transis-
tor T0 is V=V -V =V, V5 0 4V +V, -V, ==V i+
Ve

Since the driving transistor T0 operates in a saturation
state, based on the current characteristic in the saturation
state, it can be known that the on-state current i, of the driving
transistor TO follows the formula as below:

. _K ,_K ,_K 2
ig = E(Vgx V) = E(Vs = Vpara + Vi — V)" = f(VS = Vpara)™,

where K is a structure parameter which is relatively stable in
the same structure and can be considered as a constant value.
In the embodiments of the invention, in general, the voltage
V; output by the first reference signal terminal V.1 is OV.
Therefore, it can be derived from the formula that the on-state
current i, flowing through the driving transistor T0 depends
only on the voltage V-, of the data signal and does not
depend on the threshold voltage V,, of the driving transistor
T0 and the reference signal. Therefore, by using the on-state
current i, of the driving transistor T0 to drive the light emit-
ting devices D1 to emit light, the currents flowing through the
OLEDs do not vary due to non-uniformity of V,, caused by
the manufacturing process of the backplane, thus avoiding
brightness variation. Meanwhile, the change of the current
flowing through the light emitting device D1 and accordingly
the change of the lightness, which can result in the degenera-
tion of the stability of the light emitting device D1, due to the
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degeneration of V,,, can also be improved. Further, in the
embodiments of the invention, the displaying problem due to
the current variation, which is caused by the IR drop of V-1
introduced by the load on the V1 signal line, is also allevi-
ated.

Based on the same inventive concept, the embodiments of
the invention also provide an organic electroluminescent dis-
play panel comprising the above pixel circuit provided in the
embodiments of the invention. Since the operation principle
and the principle for solving the problem of the organic elec-
troluminescent display panel provided in the embodiments of
the invention are similar as those described for the pixel
circuit, the organic electroluminescent display panel can be
implemented with reference to the pixel circuit, and the
repetitive description will be omitted.

Based on the same inventive concept, the embodiments of
the invention also provide a display device comprising the
above pixel circuit provided in the embodiments of the inven-
tion. The display device provided in the embodiments of the
invention can be a display apparatus, mobile phone, televi-
sion, notebook computer, all-in-one machine or the like, and
the other parts of the display device are not described here
since they are well known by those skilled in the art and are
not intended to limit the invention.

As described above, the embodiments of the invention
provide a pixel circuit, an organic electroluminescent display
panel comprising the pixel circuit and a display device com-
prising the organic electroluminescent display panel. The
pixel circuit comprises a capacitor, a light emitting device, a
driving control sub-module, a charging and resetting sub-
module and a light emitting control sub-module. A first ter-
minal of the capacitor acting as a first node is connected to a
first terminal of the charging and resetting sub-module and a
first terminal of the light emitting control sub-module respec-
tively, a second terminal of the capacitor acting as a second
node is connected to a second terminal of the charging and
resetting sub-module and a first terminal of the driving con-
trol sub-module respectively; a second terminal of the driving
control sub-module is connected to a first reference signal
terminal, a third terminal thereof is connected to a third ter-
minal of the charging and resetting sub-module and a second
terminal of the light emitting control sub-module respec-
tively; a first terminal of the light emitting device is connected
to a fifth terminal of the light emitting control sub-module, a
second terminal thereof is connected to a second reference
signal terminal. When the charging and resetting sub-module
is turned on, the data signal output by the data signal terminal
is written to the first node, and the first terminal and third
terminal of the charging and resetting sub-module are
shorted, which can reset the voltage of the second node and
charge the capacitor. When the light emitting control sub-
module is turned on, the driving control sub-module and the
light emitting device are connected to drive the light emitting
device to emit light. When the first reference signal terminal
outputs a DC voltage, the current for driving the light emitting
device to emit light depends on the voltage of the data signal;
and when the first reference signal terminal outputs an AC
voltage, the current for driving the light emitting device to
emit light depends only on the voltage of the data signal. In
both cases, the current for driving the light emitting device to
emit light does not depend on the threshold voltage of the
driving transistor in the driving control sub-module, so it is
possible to prevent the light emitting device from being
affected by the threshold voltage. Therefore, even when the
same data signals are applied to different pixel units, it is
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possible to obtain an image with uniform brightness, so as to
improve image brightness uniformity in the displaying region
of the display device.

It should be noted that the above embodiments are only for
the purpose of describing technical proposal of the present
invention rather than limiting it. While the present invention
has been described in detail with reference to the above-
mentioned embodiments, those of ordinary skill in the art
should understand that they can modify the technical solution
recorded in the above embodiments or conduct equivalent
substitution for a part of technical features thereof and these
modifications or substitutions will not make the nature of
respective technical solution to depart from the spirit and
scope of technical solutions of embodiments of the present
invention.

The invention claimed is:

1. A pixel circuit comprising a light emitting device, a
capacitor, a driving control sub-module, a charging and reset-
ting sub-module and a light emitting control sub-module,
wherein

a first terminal of the capacitor as a first node is connected
to a first terminal of the charging and resetting sub-
module and a first terminal of the light emitting control
sub-module respectively, a second terminal of the
capacitor as a second node is connected to a second
terminal of the charging and resetting sub-module and a
first terminal of the driving control sub-module respec-
tively;

a second terminal of the driving control sub-module is
connected to a first reference signal terminal, a third
terminal of the driving control sub-module is connected
to a third terminal of the charging and resetting sub-
module and a second terminal of the light emitting con-
trol sub-module respectively, the driving control sub-
module is controlled by the second node to drive the
light emitting device to emit light;

a fourth terminal of the charging and resetting sub-module
is connected to a data signal terminal, a fifth terminal of
the charging and resetting sub-module is connected to a
gate signal terminal, the charging and resetting sub-
module is controlled by the gate signal terminal to trans-
mit data signals from the data signal terminal; and

a third terminal of the light emitting control sub-module is
connected to a light emitting signal terminal, a fourth
terminal of the light emitting control sub-module is con-
nected to the first reference signal terminal, a fifth ter-
minal of the light emitting control sub-module is con-
nected to a first terminal of the light emitting device, and
a second terminal of the light emitting device is con-
nected to a second reference terminal, the light emitting
control sub-module is adapted to drive the light emitting
device to emit light under the control of the light emit-
ting signal terminal.

2. The pixel circuit of claim 1, wherein a signal received by
the first reference signal terminal is a DC signal or an AC
signal.

3. The pixel circuit of claim 1, wherein a signal received by
the second reference signal terminal is a DC signal.

4. The pixel circuit of claim 1, wherein the driving control
sub-module comprises a driving transistor, and

the driving transistor has a gate electrode connected to the
second node, a source electrode connected to the first
reference signal terminal, and a drain electrode con-
nected to the second terminal of the light emitting con-
trol sub-module.
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5. The pixel circuit of claim 1, wherein the charging and
resetting sub-module comprises a first switch transistor and a
second switch transistor, and

the first switch transistor has a gate electrode connected to
the gate signal terminal, a source electrode connected to
the data signal terminal, and a drain electrode connected
to the first node; and

the second switch transistor has a gate electrode connected
to the gate signal terminal, a source electrode connected
to the second node, and a drain electrode connected to
the third terminal of the driving control sub-module.

6. The pixel circuit of claim 1, wherein the light emitting
control sub-module comprises a third switch transistor and a
fourth switch transistor, and wherein

the third switch transistor has a gate electrode connected to
the light emitting signal terminal, a source electrode
connected to the first reference signal terminal, and a
drain electrode connected to the first node; and

the fourth switch transistor has a gate electrode connected
to the light emitting signal terminal, a source electrode
connected to the third terminal of the driving control
sub-module, and a drain electrode connected to the first
terminal of the light emitting device.

7. The pixel circuit of claim 4, wherein in case that the
driving transistor is a P-type transistor, the voltage of the first
reference signal terminal is greater than the voltage of the
second reference signal terminal; and in case that the driving
transistor is a N-type transistor, the voltage of the first refer-
ence signal terminal is less than the voltage of the second
reference signal terminal.

8. An organic electroluminescent display panel comprising
apixel circuit comprising a light emitting device, a capacitor,
driving control sub-module, a charging and resetting sub-
module and a light emitting control sub-module, wherein

a first terminal of the capacitor as a first node is connected
to a first terminal of the charging and resetting sub-
module and a first terminal of the light emitting control
sub-module respectively, a second terminal of the
capacitor as a second node is connected to a second
terminal of the charging and resetting sub-module and a
first terminal of the driving control sub-module respec-
tively;

a second terminal of the driving control sub-module is
connected to a first reference signal terminal, a third
terminal of the driving control sub-module is connected
to a third terminal of the charging and resetting sub-
module and a second terminal of the light emitting con-
trol sub-module respectively, the driving control sub-
module is controlled by the second node to drive the
light emitting device to emit light;

a fourth terminal of the charging and resetting sub-module
is connected to a data signal terminal, a fifth terminal of
the charging and resetting sub-module is connected to a
gate signal terminal, the charging and resetting sub-
module is controlled by the gate signal terminal to trans-
mit data signals from the data signal terminal; and

a third terminal of the light emitting control sub-module is
connected to a light emitting signal terminal, a fourth
terminal of the light emitting control sub-module is con-
nected to the first reference signal terminal, a fifth ter-
minal of the light emitting control sub-module is con-
nected to a first terminal of the light emitting device, and
a second terminal of the light emitting device is con-
nected to a second reference terminal, the light emitting
control sub-module is adapted to drive the light emitting
device to emit light under the control of the light emit-
ting signal terminal.
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9. A display device comprising an organic electrolumines-
cent display panel comprising a pixel circuit comprising a
light emitting device, a capacitor, a driving control sub-mod-
ule, a charging and resetting a sub-module and a light emitting
control sub-module, wherein

a first terminal of the capacitor as a first node is connected

to a first terminal of the charging and resetting sub-
module and a first terminal of the light emitting control
sub-module respectively, a second terminal of the

capacitor as a second node is connected to a second 10

terminal of the charging and resetting sub-module and a
first terminal of the driving control sub-module respec-
tively;

a second terminal of the driving control sub-module is
connected to a first reference signal terminal, a third
terminal of the driving control sub-module is connected
to a third terminal of the charging and resetting sub-
module and a second terminal of the light emitting con-
trol sub-module respectively, the driving control sub-
module is controlled by the second node to drive the
light emitting device to emit light;

a fourth terminal of the charging and resetting sub-module
is connected to a data signal terminal, a fifth terminal of
the charging and resetting sub-module is connected to a
gate signal terminal, the charging and resetting sub-
module is controlled by the gate signal terminal to trans-
mit data signals from the data signal terminal; and

a third terminal of the light emitting control sub-module is
connected to a light emitting signal terminal, a fourth
terminal of the light emitting control sub-module is con-
nected to the first reference signal terminal, a fifth ter-
minal of the light emitting control sub-module is con-
nected to a first terminal of the light emitting device, and
a second terminal of the light emitting device is con-
nected to a second reference terminal, the light emitting
control sub-module is adapted to drive the light emitting
device to emit light under the control of the light emit-
ting signet terminal.

10. The pixel circuit of claim 3, wherein the charging and
resetting sub-module comprises a first switch transistor and a
second switch transistor, and

the first switch transistor has a gate electrode connected to
the gate signal terminal, a source electrode connected to
the data signal terminal, and a drain electrode connected
to the first node; and

the second switch transistor has a gate electrode connected
to the gate signal terminal, a source electrode connected
to the second node, and a drain electrode connected to
the third terminal of the driving control sub-module.

11. The pixel circuit of claim 4, wherein the charging and
resetting sub-module comprises a first switch transistor and a
second switch transistor, and

the first switch transistor has a gate electrode connected to
the gate signal terminal, a source electrode connected to
the data signal terminal, and a drain electrode connected
to the first node; and

the second switch transistor has a gate electrode connected
to the gate signal terminal, a source electrode connected
to the second node, and a drain electrode connected to
the third terminal of the driving control sub-module.

12. The pixel circuit of claim 3, wherein the light emitting
control sub-module comprises a third switch transistor and a
fourth switch transistor, and wherein

the third switch transistor has a gate electrode connected to
the light emitting signal terminal, a source electrode
connected to the first reference signal terminal, and a
drain electrode connected to the first node; and
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the fourth switch transistor has a gate electrode connected
to the light emitting signal terminal, a source electrode
connected to the third terminal of the driving control
sub-module, and a drain electrode connected to the first
terminal of the light emitting device.

13. The pixel circuit of claim 4, wherein the light emitting
control sub-module comprises a third switch transistor and a
fourth switch transistor, and wherein

the third switch transistor has a gate electrode connected to

the light emitting signal terminal, a source electrode
connected to the first reference signal terminal, and a
drain electrode connected to the first node; and

the fourth switch transistor has a gate electrode connected

to the light emitting signal terminal, a source electrode
connected to the third terminal of the driving control
sub-module, and a drain electrode connected to the first
terminal of the light emitting device.

14. The pixel circuit of claim 5, wherein the light emitting
control sub-module comprises a third switch transistor and a
fourth switch transistor, and wherein

the third switch transistor has a gate electrode connected to

the light emitting signal terminal, a source electrode
connected to the first reference signal terminal, and a
drain electrode connected to the first node; and

the fourth switch transistor has a gate electrode connected

to the light emitting signal terminal, a source electrode
connected to the third terminal of the driving control
sub-module, and a drain electrode connected to the first
terminal of the light emitting device.

15. The pixel circuit of claim 10, wherein the light emitting
control sub-module comprises a third switch transistor and a
fourth switch transistor, and wherein

the third switch transistor has a gate electrode connected to

the light emitting signal terminal, a source electrode
connected to the first reference signal terminal, and a
drain electrode connected to the first node; and

the fourth switch transistor has a gate electrode connected

to the light emitting signal terminal, a source electrode
connected to the third terminal of the driving control
sub-module, and a drain electrode connected to the first
terminal of the light emitting device.

16. The organic electroluminescent display panel of claim
8, wherein the driving control sub-module comprises a driv-
ing transistor, and

the driving transistor has a gate electrode connected to the

second node, a source electrode connected to the first
reference signal terminal, and a drain electrode con-
nected to the second terminal of the light emitting con-
trol sub-module.

17. The organic electroluminescent display panel of claim
8, wherein the charging and resetting sub-module comprises
a first switch transistor and a second switch transistor, and

the first switch transistor has a gate electrode connected to

the gate signal terminal, a source electrode connected to
the data signal terminal, and a drain electrode connected
to the first node; and

the second switch transistor has a gate electrode connected

to the gate signal terminal, a source electrode connected
to the second node, and a drain electrode connected to
the third terminal of the driving control sub-module.

18. The organic electroluminescent display panel of claim
8, wherein the light emitting control sub-module comprises a
third switch transistor and a fourth switch transistor, and
wherein

the third switch transistor has a gate electrode connected to

the light emitting signal terminal, a source electrode
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connected to the first reference signal terminal, and a
drain electrode connected to the first node; and

the fourth switch transistor has a gate electrode connected

to the light emitting signal terminal, a source electrode
connected to the third terminal of the driving control
sub-module, and a drain electrode connected to the first
terminal of the light emitting device.

19. The organic electroluminescent display panel of claim
18, wherein the light emitting control sub-module comprises
a third switch transistor and a fourth switch transistor, and
wherein

the third switch transistor has a gate electrode connected to

the light emitting signal terminal, a source electrode
connected to the first reference signal terminal, and a
drain electrode connected to the first node; and

the fourth switch transistor has a gate electrode connected

to the light emitting signal terminal, a source electrode
connected to the third terminal of the driving control
sub-module, and a drain electrode connected to the first
terminal of the light emitting device.

20. The organic electroluminescent display panel of claim
8, wherein when the driving transistor is a P-type transistor,
the voltage of the first reference signal terminal is greater than
the voltage of the second reference signal terminal; and when
the driving transistor is a N-type transistor, the voltage of the
first reference signal terminal is less than the voltage of the
second reference signal terminal.
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